Objective: Polysomnography (PSG) scoring can be performed manually or with an automated programme. The purpose of this study is to compare two different scoring techniques in PSG.
Introduction
Obstructive sleep apnea (OSA) has become a public health problem due to its high frequency rate and results. Identification of true patients and accurate interpretation of disease severity directly affect the success of treatment. Polysomnography (PSG) is the common name of the techniques used for recording neurophysiological, cardiorespiratory, and other physiological and physical parameters during sleep at night (1) . PSG provides monitoring of sleep stages in detail and also information about the interaction between the functions of various organs and systems and sleep-wake states. It is the gold standard diagnostic method for OSA.
Scoring of PSG records is typically performed by an experienced sleep technician manually (visually). This recording of at least 6-hour sleep is scored by the technician following each epoch on monitor. The length of one epoch is 30 seconds, and about 720 epochs are evaluated separately. This process takes nearly 80-180 minutes, even when performed by the most experienced technician, and it is quite troublesome and time-consuming. In the advent of recently developed software programs, automated scoring can be performed in a shorter time without the need for technician support. Although these programs score according to standard criteria, consistency and reliability between manual and automated scorings are controversial. There may be errors, particularly in recognizing the process of passing from the awake state to Stage I and rapid eye movement (REM) sleep and in distinguishing arousal, epileptic activity, and parasomnia (2).
In the literature, most of the researchers who used these two scoring techniques compared the results using old criteria (3, 4) or analyzed only healthy individuals by automated scoring techniques (5) . In this study, PSG recordings of both healthy and unhealthy cases were analyzed with manual and automated scoring techniques, considering the new criteria, and the results of both methods were compared.
Methods
The sleep recordings of the patients who underwent PSG due to a prediagnosis of OSA at the Outpatient Clinic of Otorhinolaryngologic Diseases of Akdeniz University Hospital between the dates of January and June 2013 were retrospectively evaluated. The patients were divided into 4 groups according to the apnea-hypopnea index (AHI): AHI<5 (normal), AHI 5-15 (mild OSA), AHI 15-30 (moderate OSA), and AHI>30 (severe OSA). Each group included 30 patients who were randomly selected (total patient number: 120). Manually scored data obtained from all patients were reanalyzed using the Profusion® sleep scoring program. Parameters, including the recordings of sleep stages and respiratory events, were compared. Patients diagnosed with central sleep apnea syndrome and obesity-hypoventilation syndrome in manual scoring and patients found to have inadequate sleep efficiency in the PSG were excluded from the study.
PSG was performed using a 44-channel E-series device with electrodes placed according to the international 10-20 system (Compumedics Profusion). Many parameters, including electroencephalography (C3-A2, C4-A1), left and right electrooculography, electromyography (maxilla and anterior tibial muscle), electrocardiography, thoracoabdominal movements, oronasal airflow, and oxygen saturation, were recorded. PSG was scored manually by an otorhinolaryngologist who was experienced in sleep disorders. Cessation of airflow for at least 10 seconds with increased ventilatory effort (obstructive) or no associated ventilatory effort (central) is defined as apnea. Hypopnea was defined a as 50% (or greater) reduction in airflow or decreased respiratory amplitude less than 50% accompanied by a 3% reduction in oxygen saturation and arousal and also obstruction lasting for at least 10 seconds. AHI was defined as the number of apneas and hypopneas per hour during sleep. Sleep stages were scored according to the 2012 American Academy of Sleep Medicine criteria (6) . This study was approved by the ethics committee of Akdeniz University (07.06.2013 / Document no: 009448). Data were used after getting written informed consent from the patients who participated in the study.
Statistical analysis
Statistical Package for Social Sciences (SPSS) for Windows 17.0 was used for statistical analyses of data. Descriptive statistical data were calculated initially (mean, standard deviation, frequency). Then, Wilcoxon signed-ranks test was employed to compare quantitative data. Additionally, Bland and Altman analyses were performed for the selected comparisons. The value of p<0.05 was considered statistically significant.
Results
In our study, a total of 86,400 epochs of 120 patients were evaluated. Of the patients, 24 were female and 96 were male. Their age range was from 21 to 74 years, and the mean age was 46.75±11.37. The mean body mass index was 29.74±4.58 kg/ m 2 . A 29-min decrease in total sleep time and 6% reduction in sleep efficiency were determined through automated scoring in all patients (for both parameters p=0.001). The percentage of Stage 1 was found to be significantly higher in automated scoring (p=0.001), while there was no statistically significant difference between automated and manual scoring systems for Stage II and Stage III (p=0.26 and p=0.19, respectively). The percentage of REM stage was significantly lower for all patients and all OSA subgroups in automated scoring (Table 1) .
Regarding respiratory events, in automated scoring, the numbers of cases with obstructive and central apnea were significantly lower, while the numbers of cases with hypopnea, mean apnea duration, and mean hypopnea duration were higher (p=0.001, p=0.001, and p=0.039, respectively) ( Table 2) .
No difference was found between the two scoring techniques in terms of total AHI and REM AHI (p=0.053 and p=0.319, respectively), but NREM AHI was significantly higher in automated scoring (p=0.002) ( Table 3 ).
In the diagnostic comparison of the two scoring techniques, 2 of 30 cases found to be healthy in manual scoring were evaluated as sick (mild OSA) in automated scoring. Of 90 patients who were found to be sick in manual scoring, one was accepted as healthy and 89 were evaluated as sick in automated scoring. In terms of OSA subgroups, of 30 patients who were considered to have mild OSA in manual scoring, one was normal, 27 had mild OSA, and 2 had moderate OSA in automated scoring. Of 30 patients considered to have moderate OSA in manual scoring, one was found to have mild OSA, 26 had moderate OSA, and 3 had severe OSA in automated scoring. All 30 patients who were found to have severe OSA in manual scoring were also evaluated as severe OSA patients in automated scoring (Table 4 ).
The sensitivity, specificity, positive predictive value, and negative predictive value of automated scoring were found to be 98.88%, 93.33%, 97.80%, and 95.55%, respectively. On the other hand, the values of sensitivity for the subgroups of normal, mild OSA, moderate OSA, and severe OSA were determined as 93.33%, 90%, 86.66%, and 100%, respectively.
Discussion
Evaluation of sleep scoring and PSG recordings has been performed according to the Rechtschaffen and Kales (R&K) criteria until recently (7) . The American Academy of Sleep Medicine first published a new manual on scoring of sleep and associated events in 2007 (8) and then updated it in 2012 (6). Today, scoring of sleep is performed, based on these rules.
In this study, manually scored recordings of 120 patients who underwent PSG due to a prediagnosis of OSA were reanalyzed with automated scoring, and the results of both techniques were evaluated. Various parameters, including sleep stages and respiratory events, were compared, but only 40% of them were found to be consistent with each other. Considering the comparison of the two scoring techniques, the rate of consistency was reported to range from 60% to 90% in the literature (9-11). Öztürk et al. (12) compared patients diagnosed with OSA and found the rate of consistency to be 58%, which emphasized that automated systems were less reliable than assumed. Possible causes of this inconsistency between the two techniques may be the performance of automated scoring with different devices in different studies, the restricted number of samples in some studies, or inhomogeneous cases of the sampling in terms of the severity of OSA.
In our study, total sleep time was found to be shorter, and Stage I sleep was found to be longer in automated scoring. After reevaluation of the recordings, it was detected that automated scoring assessed some part of sleep as awake time, and thus, a decrease was observed in the rates of sleep time and efficiency. Moreover, it was found that awake state in manual scoring was evaluated as Stage I in automated scoring. Passing from the awake state to Stage I is usually characterized with retardation of the EEG, and a decrease is observed in the amplitude and frequency of alpha activity (1). As seen, automated scoring can not perceive the changes that occur in the wave pattern and evaluates awake state as Stage I. In automated scoring, the REM stage was found to be lower for all patients, because it was mostly evaluated as Stage II. However, the REM stage has specific saw tooth waves (1) . This can cause the detected apneas to shift to the NREM stage and the diagnosis of REMbased OSA to be overlooked. The numbers of cases with obstructive apnea, mixed apnea and central apnea were found to be low in automated scoring, while the number of the cases with hypopnea was found to be higher. The apnea that was marked in manual scoring was marked as another type of apnea in automated scoring, or present apnea was not marked as apnea. All of these situations lead to errors in diagnosing and misinterpreting the cause of OSA and thus can directly affect treatment.
In the study, it was revealed that some apneas recorded with automated scoring lasted longer, which was contrary to normal physiology. Therefore, the recordings were reanalyzed, and it was found that the beginning and end of apnea were not accurately marked in automated scoring. For example, 2 apneas recorded as 12 min in some epochs of manual scoring were recorded as 20-and 26-min apneas in automated scoring. On the contrary, the number of hypopneas was found to be higher in automated scoring. This also resulted from the fact that the beginning and end of hypopnea were marked as different, and in addition, longer hypopneas occurred in automated scoring. The observed differences affect the number of apneas and also the OSA classification by leading to changes in total AHI value.
In our study, it was seen that automated scoring displayed quite high rates of sensitivity and specificity (98.88% and 93.33%, respectively) for AHI values in all patients. However, the rate of specificity decreased in the subgroups of mild and especially moderate OSA apparently (90.0% and 86.6%, respectively). The fact that diagnostic AHI intervals do not have an upper limit for severe OSA (AHI>30) and that they are relatively narrow for mild (AHI, 5-15) and moderate OSA (AHI, 15-30) can explain the decreased specificity. Similarly, Pittman et al. emphasized that inconsistency between the two scoring techniques was clear for the subgroup of moderate OSA (3). As stated above, any categorical change in OSA subgroups would affect the treatment approach. However, PSG alone is not sufficient for deciding on the treatment method. It can be more beneficial in company with physical examination findings, concurrent diseases of the patients, and the patient's decision.
In spite of the adequate number of patients in our study, there were some limitations, such as the restricted number of cases in each subgroup and the possibility of potential bias for the selection of cases, which is a nature of retrospective studies. On the other hand, some features, including "use of current criteria in scoring," "scoring performed by a specialist physician experienced on respiratory disorders in sleep," "the study group consisted of both healthy and sick individuals," and "unlike most other studies, involving OSA patients with different weights," make our study valuable.
Conclusion
Automated scoring misevaluates many PSG parameters. Inconsistency between the two scoring techniques is more apparent, especially in the subgroups of mild and moderate OSA. Automated scoring technique may lead to errors in diagnosis and in the treatment decision. Manual staging is superior to automated staging in terms of diagnosing, although it is more troublesome, and its results are obtained in a longer time.
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